The study was carried out on live bivalve molluscs available on Polish market. Samples of the molluscs (n = 124) were collected from warehouses and markets. Six different species of molluscs (mussels, oysters, vongole, scallops, Japanese clams, and razor clams) were used for the determination of saxitoxine (responsible for paralytic shellfish poisoning, PSP) by ELISA. The maximum concentration of PSP toxins (756.69 µg/kg of meat) was found in scallops. The majority of tested mussels were free from the PSP toxins or contained biotoxins bellow the permitted level (800 µg/kg). The analysis of toxicological status of raw bivalve molluscs available on Polish market indicated that they are safe for consumers.
Introduction
The consumption of molluscs in Poland has been increasing in the recent years. Such kind of food is easily digested, free of additives and minimally processed when consumed raw or cooked. Nutritional and organoleptic features of bivalves make molluscs a food product completely fulfilling the requirements of consumers. Consequently, there is a global increase in the demand of shellfish products. On the other hand, they may be also a potential source of foodborne diseases and poisonings due to marine biotoxins present in the molluscs (11) .
Most biotoxins are water soluble and relatively rapidly cleared from most shellfish, such as blue mussels (Mytilus edulis) and soft-shell clams (Mya arenaria). However, they are not easily cleared by others molluscs, such as red (horse) mussels (Volsella modiolus) or Atlantic scallop (Placopecten magellanicus). Phytoplankton is photosynthetic autotrophs and they only require light and inorganic nutrients to grow. When environmental conditions are ideal for dinoflagellates, cells began to grow rapidly and make "tide bloom". Most of these organisms produce biotoxins (1, 5, 10, 14, 23) . Many of biotoxins produced by marine algae can accumulate in fish or shellfish after ingestion of algae. They include saxitoxine, which is one of the most dangerous marine biotoxins causing paralytic shellfish poisoning (PSP) in humans (3, 11) . Saxitoxine is a marine biotoxin naturally produced by several gonyaulacoid or gymnodinioid dinoflagellates and has been also found in freshwater cyanobacteria strains such as Cylindrospermopsis raciborski (2) .
During the last 20 years, an increase in intoxications caused by PSP toxins has been observed, resulting in neurological symptoms, tingling, burning, paresthesia of the mouth numbness, drowsiness, incoherent speech, ataxia, coma, dysphagia, and respiratory muscles paralysis. The symptoms of the disease develop fairly rapidly, within 0.5 to 2 h after ingestion of shellfish, and depend on the amount of toxin consumed. In severe cases, respiratory paralysis is common, and death may occur if respiratory support is not provided. The poisoning can impair sensory, cerebellar, and motor functions (2, 3, 15, 16) .
Since PSP intoxication has no specific treatment or antidote, medication is only supportive, and prompt evacuation of stomach contents may help by removing the remaining toxin-containing shellfish. When such support is applied within 12 h after exposure, recovery usually is complete, with no lasting side effects. In unusual cases, because of the weak hypotensive action of the toxin, death may occur from cardiovascular collapse despite respiratory support (3, 8, 17) . Among 21 toxins, all derivatives of saxitoxin, closely related to tetrahydropurines, are responsible for paralytic shellfish poisonings. To prevent from outbreaks of PSP and other shellfish intoxications, samples of susceptible molluscs are periodically collected in the coastal states, and tested for toxins by mouse bioassay, ELISA, or HPLC-MS methods (22, 6, 20) . However, not only in shellfish, but also in some fish and crustaceans, the PSP toxins appear to be most strongly associated with the viscera, primarily the hepatopancreas (8, 13, 17) .
The objective of this study was to evaluate the level of contamination with PSP toxins in live bivalves intended for human consumption, which were available on Polish market between 2011 and 2012.
Material and Methods
A total number of 124 samples, of six different species of mussels, were investigated. All samples of bivalves came from different European countries. Live shellfish were collected from Polish warehouses and markets, and were transported to the laboratory at 0-4 C. Then the molluscs were washed with water, opened by cutting the abductor muscles, and the removed tissues were filtered on a filter paper for a few minutes. After that, the samples were frozen at the temperature below -18 C until analysis. The study was conducted on live bivalve molluscs listed in Table 1 . The RIDACSREEN ® FAST PSP SC (R-Biopharm AG, Germany) test was used for the determination of PSP toxins. This assay is a direct competitive ELISA for PSP and related algae toxins in mussels. All reagents are contained in the test kit. The detection limit of the test is 50 µg/kg of shellfish meat, the limit of quantification (LOQ) is 100 µg/kg. Preparation of samples and tests was performed according to the test procedure described by the producers. Results were calculated using Rida Soft Win programme (RBiopharm AG).
Results
The results of the analysis of PSP toxins are shown in Table 2 . Out of 124 samples tested, 71 contained PSP toxins in a range of 50-800 µg/kg of meat. The maximum amount of PSP biotoxins, i.e. 756.69 µg/kg was found in scallops. Saxitoxine and its isomers were not detected in 53 (42.7%) samples, i.e. at a level below the limit of detection of the test. No sample with PSP toxins exceeded the legal limit i.e. 800 µg/kg.
Twenty six (59.1%) samples of mussels contained PSP toxins with the maximum amount of 438.7 µg/kg. Sixteen (51.6%) samples of oysters were positive for PSP toxins, with the maximum level of 86.3 µg/kg. Nine (59.1%) samples of vongole contained PSP toxins, with the maximum level of 118.0 µg/kg. In Japanese clam, 50% samples were positive for saxitoxine and its isomers, with upper level of 61.9 µg/kg. Furthermore, razor clams were contaminated with these biotoxins (33.3%), with maximum peak of 76.6 µg/kg.
Discussion
It is well recognised that bivalve molluscs are important source of human disease agents and there are serious safety concerns related to the consumption of raw or cooked shellfish due to the presence of biological and toxicological risks (12) . According to the EFSA, in 2010, in the EU countries, crustaceans, shellfish, molluscs, and their products were the cause of 8.5% foodborne outbreaks, where bacteria and marine biotoxins were the causative agents in 11.9% and 18.6% cases, respectively (4). Due to the global increase in the production and consumption of shellfish, including live bivalve molluscs, there is a need for taking care of consumer's health. For this reason, studies on occurrence of marine biotoxins in bivalve molluscs are performed in many countries. PSP toxins were found in range of 20-380 µg/kg of meat (20) (21) (22) . Gessner (7) reported that these investigations were conducted for many years in the USA. Between 1973 and 1994, 66 outbreaks of paralytic shellfish poisoning occurred in Alaska, involving 143 people. A maximum content of saxitoxine in mussels was detected on the level of 19 600 µg/kg of meat. After introducing screening tests for monitoring, the number of outbreaks decreased. Outbreaks of paralytic shellfish poisoning occur in Alaska mainly in May and July (7) . In Portugal, recommendation of weekly testing (monitoring) of PSP toxins was introduced in 2002. This programme prevents from selling contaminated mussels to consumers (5). Serious poisoning mainly occurs when shellfish contain a high amount of biotoxins exceeding permissible concentrations. For the marine shellfish biotoxins, the same maximum levels apply within the EU, including Poland. The legal limit for PSP toxin content in meat of mussels is 800 μg/kg. When toxin levels exceed this limit in shellfish meat, affected growing areas are quarantined, and sale of shellfish is prohibited (2, 3, 19) . In countries where the mussels are commonly consumed, there is a substantial number of poisoning cases, some of which are even lethal, despite hospitalisation of the patients (6, 15) . In Poland, no registered cases of poisoning by marine biotoxins were noted.
The present experiment showed that the live shellfish available on Polish marked, are safe for consumers. However, safety of seafood, including bivalve molluscs, can be guaranteed mainly by preventive measures and the implementation of appropriate procedures, such as suitable selection of harvesting areas, programmes for monitoring of water quality, final product inspections, and hygiene control for food business operators involved in whole food chain. In conclusion, to reduce the poising by PSP toxins it would be reasonable to carry out monitoring of the content of marine biotoxins, such as saxitoxine, which constitute a potential threat to public health.
